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“The Torres Straits are nearly thirty-four leagues wide; but they are
obstructed by an innumerable quantity of islands, islets, breakers, and
rocks, that make its navigation almost impracticable; so that Captain
Nemo took all needful precautions to cross them. The Nautilus, floating
betwixt wind and water, went at a moderate pace. Her screw, like a
cetacean's tail, beat the waves slowly.”

- Jules Verne, 20 000 leagues under the sea (p.94, 1963, Airmont:NY)
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Abstract
Coral reefs are particularly valuable marine ecosystems in terms of biodiversity and
socio-economic factors. They are also some of the most vulnerable and threatened of
global ecosystems, particularly in view of unprecedented anthropogenic-driven
disturbances. Understanding coral reef evolution is not straightforward, as these are
complex systems where biological, physical and chemical processes continually
interact over a range of spatial and temporal scales. The study of coral reef dynamics
at geomorphological scales is very suitable for management as it bridges the temporal
and spatial gap between long-term geological and short-term ecological processes.
Mapping the geomorphology of coral reefs has provided key information to scientists
and managers about the distribution and extent of reef landforms giving insights into
calcium carbonate (CaCO3) production and reef growth.
Coral reef coasts present a series of challenges to scientists and managers because
they tend to be largely inaccessible, both in that they are isolated and because they are
underwater or in intertidal settings where fieldwork is weather and tide dependent. In
addition, field surveying rapidly becomes cost-prohibitive as the area of study
increases or higher-frequency surveys are needed. Remote sensed data, both from
passive and active sensors, together with geospatial analysis techniques, allow
addressing the challenges of studying such unique environments at multiple scales
and significantly improve the science needed for a sound and efficient management.

Scaling up coral reef CaCO3 production from community metabolism values to
regional estimates has been undertaken using remote sensing and geospatial
techniques. This approach, although being of great significance for science and
management implications, considerably lags behind ecological models of primary
production used in terrestrial applications. Furthermore, previous regional studies are
geographically constrained and have been based mostly on generalized published
metabolic values and coarse mapping.

The research which is the focus of this thesis aims to bridge the gap between detailed
and regional geomorphological studies on coral reefs by scaling up CaCO3 production
across the Torres Strait region. In order to do so, two reefs in central Torres Strait
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were selected, namely Sue (Warraber) and Bet (Burrar) reef platforms and detailed
investigations about morphology and carbonate production were undertaken. Insights
from the local case studies were further used to extrapolate carbonate production
estimates across the region based on a reliable geomorphological classification
dataset.

The case study reefs were selected as they represent different stages of
geomorphological evolution. Sue platform is an emergent reef extending for
approximately 12.6 km2, while Bet, immediately to the north of Sue, is a larger reef
extending for 27 km2 with a mostly submerged lagoon and very shallow intertidal reef
flat. A combination of data collection methods, including multibeam echosounding,
RTK-GPS survey and optical remote-sensing derived bathymetry were used to
analyse the complex terrain of both reefs. Previous ecological surveys combined with
geomorphological mapping were used to scale up CaCO3 production for the complete
platforms, including the productive forereef. The CaCO3 production for Sue was
estimated to be 19,432 t CaCO3 year-1, averaging a production rate of 1.81 CaCO3 m-2
yr-1. The estimate for Bet platform added to an average 88,167 t CaCO3 year-1,
yielding a rate of 3.1 kg CaCO3 m-2 yr-1.
Despite being a northern extension of the Great Barrier Reef (GBR), the
geomorphology of coral reefs in Torres Strait remains unexamined at a detailed level.
Innovative classification and spatial analysis techniques were used to accurately map
the intra-reef geomorphology of reefs, which was used as a basis to extrapolate
CaCO3 production and derive a regional carbonate production for Torres Strait. A
maximum total of 9.6 million tonnes CaCO3 yr-1 were estimated for the 2,500 km2
analysed region, averaging a value of 4.1 kg CaCO3 m-2 yr-1, almost twice the 2.4 kg
CaCO3 m-2 yr-1 productivity rate previously estimated for the GBR.
Overall, the geospatial framework adopted in this study effectively complemented the
regional scaling up of CaCO3 production for Torres Strait. Results improve and
advance our knowledge of coral reef dynamics at geomorphological scales, which are
very relevant for management and adaptation, particularly in regards to the future
prospect of corals in a rapid changing climate context.

vii

Table of Contents

CHAPTER ONE ..................................................................................................................................... 1
1

INTRODUCTION......................................................................................................................... 1
1.1
1.2
1.3
1.4

INTRODUCTION ........................................................................................................................... 1
THE IMPORTANCE OF CORAL REEFS ............................................................................................. 4
RESEARCH AIMS AND OBJECTIVES............................................................................................... 8
THESIS STRUCTURE ..................................................................................................................... 9

CHAPTER TWO .................................................................................................................................. 11
2

CORAL REEFS: A GEOMORPHOLOGICAL PERSPECTIVE ......................................... 11
2.1 INTRODUCTION ......................................................................................................................... 11
2.2 GEOMORPHOLOGY OF CORAL REEFS ......................................................................................... 11
2.2.1
Geomorphological zones and classification ................................................................... 13
2.3 CARBONATE PRODUCTION ON REEFS ......................................................................................... 22
2.3.1
Estimating carbonate production ................................................................................... 24
2.4 CARBONATE PRODUCTION: IMPLICATIONS FOR A CHANGING CLIMATE, AND SUMMARY ........... 32
2.4.1
Future of coral reefs ....................................................................................................... 32
2.4.2
Intra and inter-reef variations ........................................................................................ 35
2.4.3
Summary ......................................................................................................................... 36

CHAPTER THREE.............................................................................................................................. 40
3

GEOSPATIAL APPLICATIONS TO THE STUDY OF CORAL REEFS ........................... 40
3.1 INTRODUCTION ......................................................................................................................... 40
3.2 MAPPING THE GEOMORPHOLOGY OF CORAL REEFS ................................................................... 41
3.2.1
Resolution and classification .......................................................................................... 44
3.3 TERRAIN ANALYSIS OF CORAL REEFS ........................................................................................ 58
3.3.1
Measuring elevation ....................................................................................................... 59
3.3.2
Digital terrain models: From points to surface .............................................................. 65
3.4 SPATIALLY-EXPLICIT WAVE EXPOSURE MODELLING ................................................................. 72
3.5 SUMMARY: ADVANTAGES AND LIMITATIONS............................................................................ 74

CHAPTER FOUR ................................................................................................................................ 77
4

THE THREE SISTERS: TERRAIN ANALYSIS .................................................................... 77
4.1 INTRODUCTION ......................................................................................................................... 77
4.2 STUDY AREA: TORRES STRAIT AND THE THREE SISTERS .......................................................... 78
4.2.1
Torres Strait.................................................................................................................... 78
4.2.2
Three Sisters ................................................................................................................... 81
4.3 DTM GENERATION ................................................................................................................... 83
4.3.1
Datasets and pre-processing .......................................................................................... 84
4.3.2
Terrain analysis: interpolation, derivatives and accuracy assessment .......................... 91
4.4 RESULTS AND DISCUSSION ........................................................................................................ 94
4.4.1
Emerged reefs: Sue and Poll .......................................................................................... 94
4.4.2
Submerged reef: Bet ..................................................................................................... 103
4.4.3
Discussion..................................................................................................................... 108
4.5 SUMMARY ............................................................................................................................... 110

CHAPTER FIVE ................................................................................................................................ 111
5

THE THREE SISTERS: CARBONATE PRODUCTION .................................................... 111
5.1 INTRODUCTION ....................................................................................................................... 111
5.2 RELATIVE WAVE EXPOSURE .................................................................................................... 112
5.2.1
Methods ........................................................................................................................ 112
5.2.2
Results........................................................................................................................... 113
5.2.3
Wave exposure and ecological cover............................................................................ 118

viii

5.3 CACO3 PRODUCTION: EMERGED VS. SUBMERGED REEFS ........................................................ 125
5.3.1
Emerged reefs: Sue platform ........................................................................................ 126
5.3.2
Submerged reef: Bet platform ....................................................................................... 130
5.3.3
Discussion..................................................................................................................... 131
5.4 SUMMARY OF FINDINGS .......................................................................................................... 134
CHAPTER SIX ................................................................................................................................... 136
6
GEOMOPRHOLOGICAL MAPPING AND CLASSIFICATION OF TORRES STRAIT
REEFS ................................................................................................................................................. 136
6.1 INTRODUCTION ....................................................................................................................... 136
6.2 LARGE-SCALE MAPPING OF INTRA-REEF GEOMORPHOLOGY .................................................... 137
6.2.1
Image acquisition and preparation............................................................................... 137
6.2.2
Training/test data collection and classification scheme ............................................... 140
6.2.3
OBIA classification ....................................................................................................... 142
6.2.4
Accuracy Assessment .................................................................................................... 145
6.2.5
Results........................................................................................................................... 146
6.2.6
Discussion..................................................................................................................... 156
6.3 GEOMORPHOLOGICAL CLASSIFICATION OF REEFS ................................................................... 158
6.3.1
Classification trees ....................................................................................................... 159
6.3.2
Spatial distribution of reef types ................................................................................... 167
6.3.3
Results........................................................................................................................... 167
6.3.4
Characteristics of modelled reef types.......................................................................... 170
6.3.5
Discussion..................................................................................................................... 173
6.4 SUMMARY ............................................................................................................................... 175
CHAPTER SEVEN ............................................................................................................................ 177
7

CARBONATE PRODUCTION ACROSS TORRES STRAIT............................................. 177
7.1
7.2
7.3
7.4
7.5

INTRODUCTION ....................................................................................................................... 177
REEF ECOLOGICAL COVERAGE IN TORRES STRAIT .................................................................. 178
CACO3 PRODUCTION IN TORRES STRAIT BASED ON REEF TYPES ............................................. 182
CACO3 PRODUCTION IN TORRES STRAIT BASED ON INTRA-REEF GEOMORPHOLOGY ............... 184
THE TORRES STRAIT CACO3 FACTORY: DISCUSSION OF METHODS AND IMPLICATIONS FOR REEF
EVOLUTION ....................................................................................................................................... 188
7.5.1
Extrapolating from Hopley’s reef types ........................................................................ 188
7.5.2
Scaling up from published productivity rates and mapped intra-reef zones................. 191
7.6 SUMMARY ............................................................................................................................... 193
CHAPTER EIGHT ............................................................................................................................ 195
8

CONCLUSIONS ....................................................................................................................... 195
8.1
8.2
8.3
8.4
8.5

INTRODUCTION ....................................................................................................................... 195
THREE SISTERS: MORPHOLOGY AND CARBONATE PRODUCTION ............................................. 195
LARGE-SCALE GEOMORPHOLOGICAL MAPPING AND CLASSIFICATION OF CORAL REEFS .......... 198
REGIONAL CARBONATE PRODUCTION ..................................................................................... 199
IMPLICATIONS FOR FURTHER RESEARCH ................................................................................. 200

ix

List of Figures
Figure 1.1: Chart of the South Sea with discoveries prior to 1764 showing Torres’
1606 voyage (red dotted line) (After Dalrymple, 1967) ................................................ 2
Figure 1.2: Torres Strait and reefs and islands that are mentioned in the thesis............ 3
Figure 1.3: Ship wreck on Bet reef, Torres Strait .......................................................... 4
Figure 1.4: Spatial and temporal scales of processes underpinning coral reefs (After
Woodroffe and Leon, 2010) ........................................................................................... 6
Figure 1.5: Thesis outline ............................................................................................ 10
Figure 2.1: Coral growth and reef development as a function of spatial scale ............ 12
Figure 2.2: Global distribution of coral reefs (dark blue outlines). Average SST for
2008/2009 and 18° C isotherm (red dotted line).......................................................... 13
Figure 2.3: Schematic representation of typical geomorphological zones and
associated substrate cover in Torres Strait and the GBR ............................................. 14
Figure 2.4: Hopley’s evolutionary reef classification and general descriptions of reef
types, including ribbon and fringing reefs (After Hopley, 1982; Hopley et al., 2007;
Short and Woodroffe, 2009) ........................................................................................ 15
Figure 2.5: Fringing reef around island, Torres Strait ................................................. 17
Figure 2.6: Outer ribbon reefs, northern GBR, displaying marked zonation: A)
forereef, B) reef crest with algae pavement, C) reef flat with aligned coral zone, D)
sanded backreef, and E) leeward lagoon with coral patches. ...................................... 17
Figure 2.7: Tidal-control on modern reef platform morphology. A) Sediment from the
reef flat is transported along the reef long axis by strong tidal currents and B)
accumulated on the lee of currents as “tail-ends” shoals which are colonized by reef
patches. C) Additional sediment and reef patches are consolidated as new framework
extending laterally which reinforces the elongated morphology of reef platforms
(After Jones, 1995)....................................................................................................... 19
Figure 2.8: Eco-geomorpohological zonation on a reef in response to environmental
gradients of prevailing processes (After Chappell (1980) in Hopley (1982)) ............. 21
Figure 2.9: Ternary diagram of carbonate budget states according to proportions of
constructive and destructive processes showing conceptual end-members reef types
(After Kleypas et al., 2001; Perry et al., 2008) ............................................................ 23

x

Figure 2.10: Production along modelled reef segments. A) Typical Indo-Pacific reef
with sanded (0.5 G) and high-productive (4 G) reef flat (red), algae pavement on highenergy reef crest (brown) and forereef with variable production rates (0.4-9.4 G)
according to lower bracket gentle slope (green) and upper bracket steep slope
(purple). B) A) Typical Caribbean reef with sanded (0.5 G) and high-productive (5 G)
reef flat (red) and forereef with variable production rates (1.6-10.3 G) according to
lower bracket gentle slope (green) and upper bracket steep slope (purple) (After
Vecsei, 2004) . ............................................................................................................. 28
Figure 2.11: Atmospheric CO2 concentrations since pre-industrial times based on ice
cores, current measurements and maximum and minimum scenarios by IPCC. Critical
CO2 concentrations significantly affecting coral calcification are shown (After
Solomon et al., 2007). .................................................................................................. 35
Figure 2.12: CaCO3 production on modal reef types for the GBR, according to
Hopley’s evolutionary classification scheme (After Kinsey and Hopley, 1991)......... 37
Figure 2.13: Logistical constrains of fieldwork on coral reefs. a) Sampling the
energetic and shallow reef crest. b) Surveying of inter-tidal reef flat. c) Transporting
drilling equipment and successful core recovery in detrital environments.................. 39
Figure 3.1: Schematic diagram of relationships between geospatial science,
technology and related scientific disciplines ............................................................... 41
Figure 3.2: Simplified diagram of the passage of electromagnetic radiation through
the atmosphere and water-column as it is reflected from the surface of a coral reef and
recorded by a satellite sensor (After Edwards, 1999 p. 81) ......................................... 43
Figure 3.3: Electromagnetic spectrum radiation .......................................................... 45
Figure 3.4: Spatial and spectral resolution of satellite images commonly used to study
coral reefs ..................................................................................................................... 47
Figure 3.5: Habitat heterogeneity and complexity as a function of spatial scale (From:
Syms and Kingsford, 2008 p. 45 ) ............................................................................... 50
Figure 3.6: Selective absorption of light by water ....................................................... 54
Figure 3.7: Combination of expert-driven segmentation, intra-segment classification
and a posteriori contextual editing to produce and assess the accuracy of coral reef
geomorphological habitat maps, as described in Andréfouët and Guzman (2005) ..... 56
Figure 3.8: Common passive and active remote sensing systems measuring coastal
elevation information ................................................................................................... 59
Figure 3.9: Relationship between echo frequency and footprint size .......................... 62
xi

Figure 3.10: Values are never predicted above the maximum or below the minimum
observations when using (a) IDW interpolation as opposed to (b) RBF methods
(After Johnston et al., 2003) ........................................................................................ 67
Figure 3.11: Variogram model ..................................................................................... 68
Figure 3.12: Modelling a set of a) irregular elevation observations to b) a regular grid
mesh or c) a triangulated irregular network (TIN) based on Delanuay triangulation .. 69
Figure 3.13: TIN from masspoints alone and incorporating breaklines to masspoints
(After ESRI’s ArcGIS 9.2 Desktop Help) ................................................................... 71
Figure 3.14: Creating fetch-limited lines. Radiating lines are created at a specified
angle from specified points (1) on a complete circle (2, 3). Lines are clipped using
wave-blocking obstacles (4) (After Pepper, 2009 p.11) .............................................. 74
Figure 4.1: a) Wind rose (% occurance/yr) and b) mean wind velocity (m/s) based on
data from Thursday Island (BOM, 2004) .................................................................... 79
Figure 4.2: Derivation of Sue Reef DTM: a) definition of three sections; and data for
b) the seafloor, c) the reef front and d) the reef flat (After Samosorn and Woodroffe,
2003) ............................................................................................................................ 83
Figure 4.3: Different sources of elevation data across the Three Sisters: Bet, Sue and
Poll (north to south, respectively). Inset shows location of Three Sisters within the
Torres Strait ................................................................................................................. 85
Figure 4.4: Example of local outliers in MB dataset on Bet forereef. a) 3D view of
original MB dataset. b) 3D view of MB dataset after removal of local outliers using
neighbourhood filter..................................................................................................... 88
Figure 4.5: Sun-glint. a) Quickbird image over Bet reef with insets showing part of
the forereef and reef patches. b) Same image after deglinting correction ................... 90
Figure 4.6: r2 values for standard least square (LSR) regression and GRASP models
using visible bands (RGB), the natural log of visible bands and the natural logs of
deglinted bands (Deglinted) ......................................................................................... 92
Figure 4.7: Sue comparisons. Difference surfaces (errors in meters) between a) IDW
and Spline b) TIN and Spline and c) TIN and IDW. Note error magnitudes vary
between surfaces. Differences between -2 and 2 m are not significant changes and
considered as “no change” ........................................................................................... 95
Figure 4.8: 3D view (SE to NW) of residual errors from TIN-derived Sue reef DTM.
Insets show histogram and descriptive statistics of the errors ..................................... 97

xii

Figure 4.9: TIN-derived Sue DTM. Insets show profiles across the platform (A-B) and
across the LAW (C-D) ................................................................................................. 97
Figure 4.10: 3D perspective of Sue looking W-E (a) and S-N (b) (30x vertical
exaggeration ................................................................................................................. 98
Figure 4.11: Average values of Sue forereef slope showing steeper slopes in south and
north areas and gentle slopes in W and E areas .......................................................... 99
Figure 4.12: Volumes (m3) estimated for the Sue LAW from -17 to -4 m ................ 100
Figure 4.13: TIN-derived DTM for Poll reef. Insets show profiles across the LAW (AB)................................................................................................................................ 101
Figure 4.14: Volumes (m3) estimated for the Poll LAW from -15 to -8 m ............... 101
Figure 4.15: 3D perspective of Poll looking W-E (a) and S-N (b) (30x vertical
exaggeration ............................................................................................................... 102
Figure 4.16: Average values of Poll forereef slope showing steeper slopes in south
and north areas and gentle slopes in W and E areas .................................................. 102
Figure 4.17: Difference surfaces (errors in meters) between a) IDW and Spline b) TIN
and IDW and c) TIN and Spline. Note error magnitudes vary between surfaces.
Differences between -2 and 2 m are not significant changes..................................... 105
Figure 4.18: Residuals for Bet TIN DTM. ................................................................. 106
Figure 4.19: DTM from TIN. Exposed islands have been replaced with a constant
value of 2 m above LAT. Typical profile across the platform is shown as inset....... 106
Figure 4.20: 3D view of TIN a) looking to the east and b) to the north. (50x vertical
exaggeration).............................................................................................................. 107
Figure 4.21: Bet Slope from TIN. .............................................................................. 107
Figure 5.1: Calculation of “effective” fetch. (a) Fetch lines radiating every 22.5° from
a site on the reef edge (b) Each fetch line is clipped as it encounters an “obstacle (e.g.
another reef), resulting in uninterrupted, effective fetch lines. Location of Three
Sisters (inset map) and wind station in Thursday Island is marked with a star ......... 114
Figure 5.2: Normalized wave exposure index based on multidirectional distancedecay weights (multi-fetch index) and conceptual windward and leeward zones
around the Three Sisters............................................................................................. 116
Figure 5.3: Correlations between multiftech index and maximum slope amongst the
Three Sisters............................................................................................................... 118

xiii

Figure 5.4: Coral coverage around Sue’s forereef. Note the scale varies with
perspective. The platform is approximately 8 km wide. The vertical scale bar
represents 20 m. ......................................................................................................... 120
Figure 5.5: Coral coverage by growth form and depth ranges along the forereef in Sue
reef ............................................................................................................................. 121
Figure 5.6: Representative substrate at 2 m depth based on CSIRO – 1995 ecological
survey. Leeward (green) and windward (pink) zones are shown .............................. 122
Figure 5.7: Coral coverage by principal growth type at 2 m depth based on CSIRO –
1995 ecological survey. Pie chart size is proportional to total coral cover. Leeward
(green) and windward (pink) zones are shown .......................................................... 122
Figure 5.8: Representative substrate based on CSIRO – 1997 ecological survey
(Water depth at observation). Leeward (green) and windward (pink) zones are shown
.................................................................................................................................... 124
Figure 5.9: Coral coverage by principal growth type based on CSIRO – 1997
ecological survey (Water depth at observation). Pie chart size is proportional to total
coral cover. Leeward (green) and windward (pink) zones are shown ...................... 124
Figure 5.10: Source and location of ecological and sediment data. Bathymetry derived
for the Three Sisters platforms is shown.................................................................... 127
Figure 5.11: Composition of sediment samples based on constituent composition
analysis on reef flat (Hart, 2003) and seafloor around Sue reef. Total percentage of
grains derived from primary producers is shown in brackets. Dates (14C years BP) of
individual grain from samples on the LAW are also shown ...................................... 129
Figure 5.12: Composition of sediment samples based on constituent composition
analysis around Poll reef. Total percentage of grains derived from primary producers
is shown in brackets ................................................................................................... 129
Figure 5.13: Composition of sediment samples based on constituent composition
analysis around Bet reef. Total percentage of grains derived from primary producers
is shown in brackets ................................................................................................... 132
Figure 5.14: Leeward reef flat on Sue platform. Eroded Acropora coral rubble on the
lee of the reef crest (waves breaking on background) ............................................... 134
Figure 6.1: Location of reference data showing survey points from CSIRO (Long et
al., 1997), track of aerial survey and names of some reefs where aerial photography
was available .............................................................................................................. 141

xiv

Figure 6.2: Semantic model defining geographic objects (i.e. geomorphological
classes), their relationships and their main characteristics ........................................ 144
Figure 6.3: Features and rules used for classification of reef geomorphology using
coarse-classes in (A) Landsat ETM+ image, (B) Pan-sharpened Landsat ETM+ image
and (C) DII composite. Description of features used can be found in the Definiens
Developer reference handbook (Definiens, 2007) ..................................................... 146
Figure 6.4: Spectral profiles and segmentation of (a) Landsat ETM+ image and (b)
DII composite. Under-segmentation results due to decreased variance. ................... 147
Figure 6.5: Spectral profiles and segmentation of (a) Landsat ETM+ image and (b)
DII composite. Over-segmentation results due to increased variance. ...................... 148
Figure 6.6: Qualitative assessment of segmentation. A) Segmentation based on
Landsat ETM+ image (30 m) (red outlines) and B) pan-sharpened image (15m) (blue
outlines). Arrows show examples of undersegmentation on the coarser resolution
image when compared to the reference data derived from a Quickbird image (black
outlines) over eastern end of Bet reef platform. Clouds and shadows appear masked
(stippled areas). .......................................................................................................... 149
Figure 6.7: Overall accuracy for (A) coarse classes and (B) fine classes using rulebased (rules), nearest neighbour (NN) and fast neural network (FNN) classifiers. Two
sets of features were used based on knowledge-base/statistical properties (Seath) and
visible bands and their standard deviation (Vis). ....................................................... 151
Figure 6.8: Classification results with varying descriptive resolutions. (A) Four coarse
geomorphological classes and (B) ten fine geomorphological classes. ..................... 152
Figure 6.9: Classification of intra-reef morphological zones based on coarse classes
.................................................................................................................................... 155
Figure 6.10: Classification of intra-reef morphological zones based on fine classes 156
Figure 6.11: Geospatial framework to explore the classification of reefs in Torres
Strait ........................................................................................................................... 162
Figure 6.12: Training dataset showing examples of reef types across the Torres Strait
region ......................................................................................................................... 163
Figure 6.13: Normalized multi-fetch exposure index calculated using the GREMO
tool for reefs in Torres Strait and trend surface from bathymetry ............................. 164
Figure 6.14: Reef geometry parameters ..................................................................... 166
Figure 6.15: Classification tree (6) based on intra-reef zones and physical variables
.................................................................................................................................... 169
xv

Figure 6.16: Proportion of intra-reef zones within average crescentic, lagoonal and
planar reef types ......................................................................................................... 170
Figure 6.17: Classified reef types across Torres Strait and standard deviational ellipses
shown for planar, lagoonal, patch and ribbon reefs. Seabed trend is shown. ............ 172
Figure 7.1: Average coral composition by growth type based on data from Long et al.
(1997) aggregated by reef types in Torres Strait derived in Chapter 6 ...................... 179
Figure 7.2: Effective fetch for inner (pink), middle (blue) and outer shelf-edge reefs
(green) reefs in Torres Strait. Mean velocity (m/s) wind rose showing primary (ESE)
and secondary (WNW) wind directions ..................................................................... 181
Figure 7.3: Average coverage of coral growth form aggregated by depth ranges along
the forereef profile on all reefs in Torres Strait based on data from Long et al. (1997)
.................................................................................................................................... 182
Figure 7.4: Spatial distribution of (a) minimum and (b) maximum scenarios of gross
CaCO3 production values (G) based on intra-reef zones in Torres Strait. ................. 187
Figure 7.5: Weighted G values for reef types in the GBR and Torres Strait. Note that
the definition of patch reefs in Torres Strait is equivalent to submerged reefs in the
GBR. .......................................................................................................................... 189
Figure 7.6: Proportion of overall intra-reef zone areas in the GBR and Torres Strait
(TS). ........................................................................................................................... 190

xvi

List of Tables
Table 2.1: Range of estimated potential calcification rates for main producers on Sue
(Warraber) reef, Torres Strait (After Hart and Kench, 2007) ...................................... 27
Table 2.2: Summary of estimated gross production (G) from different reef zones
(After Kinsey, 1985b) .................................................................................................. 30
Table 4.1: Tidal levels at Poll Island (Source: Australian Hydrographic Service) ...... 81
Table 4.2: QuickBird Imagery characteristics ............................................................. 89
Table 4.3: Comparison between interpolation methods. Highest RMS in bold .......... 95
Table 4.4: RMS and ME for different interpolators .................................................. 104
Table 4.5: Comparison between volumes estimated from Torres Strait regional DTM
(Daniells, 2008), DTM estimated by Samosorn and Woodroffe (2003) and TINderived DTM .............................................................................................................. 109
Table 5.1(a): Parametric linear correlations between multi-fetch index and slope
parameters. Significant coefficients (95%) are shown in bold .................................. 115
Table 5.2: Categories used in the CSIRO – 1995 survey around Sue reef (Skewes,
1997) and grouping according to Hart’s (2003) scheme ........................................... 119
Table 5.3: Categories used in the CSIRO – 1997 survey across Torres Strait (Long et
al., 1997) and grouping according to Hart’s (2003) scheme...................................... 123
Table 6.1: Landsat ETM+ image specifications ........................................................ 138
Table 6.2: Summarized description of morphological units for Torres Strait reefs
accommodated within a hierarchical structure .......................................................... 143
Table 6.3: Pairwise combination or error matrices which are not significantly different
to the 95% significance level based on tau coefficients. ........................................... 150
Table 6.4: Descriptive statistics of intra-reef zones areas (km2) based on best
classification result..................................................................................................... 153
Table 6.5: Error matrix for best classification/image processing combination
(FNN_Seath and PS image). ...................................................................................... 154
Table 6.6: Description of reef outline geometry parameters ..................................... 165
Table 6.7: Best-performance classification trees based on combinations of physical
(P), reef geometry (R) and intra-reef zone (I) independent variables. (uc) denotes the
exclusion of highly-correlated variables .................................................................... 168
Table 6.8: Percentage of reef types enclosed by standard deviational ellipses. ........ 171

xvii

Table 6.9: Descriptive statistics of reef type areas .................................................... 173
Table 7.1: Proportions of gross CaCO3 productivity modes (G) for different reef types
.................................................................................................................................... 184
Table 7.2: Average dimensions of reef types and estimated gross CaCO3 production
per year for the Torres Strait region ........................................................................... 184
Table 7.3: Intra-reef geomorphological zones in Torres Strait and assigned minimum
and maximum gross CaCO3 productivity rates (G) ................................................... 185
Table 7.4: Total area of intra-reef zones and minimum and maximum estimations of
gross CaCO3 production for the Torres Strait region ................................................. 188
Table 7.5: Torres Strait carbonate productivity based on Vecsei (2001, 2004) ........ 193

xviii

Acknowledgements
This thesis is the product of almost four years of research and many have participated
or been involved to some degree throughout the process. Thanks to you all.

I would specially like to thank Professor Colin Woodroffe, my supervisor, my mentor.
Funding for this PhD was granted by an International Postgraduate Research Scholarship
(IPRS) from the University of Wollongong.

Support from the School of Earth and Environmental Sciences staff is greatly appreciated,
particularly from former Head of School Lesley Head, Wendy and Denise, and by Heidi
Brown and John Marthic from the Spatial Analysis Lab. Thanks also to Marji Puotinen
and Laurie Chisholm for giving me with the opportunity to teach and try helping others
avoid the sufferings of using GIS and remote sensing (!).

Fieldwork was possible thanks to the island councils on those islands visited in Torres
Strait and Kevin Parnell and Scott Smithers from James Cook University (extra thanks for
helpful insights, data and those coral trouts and lobsters!). Additional data was also
provided by Tom Taranto and Tim Skewes from CSIRO. Special thanks to both Deirdre
Hart and Ong Samosorn for the willingness to help, so much feedback and helping with
the analysis of datasets.

Thanks to all the postgrads for their support and friendship. Good times and good
vibes are essential when pushing through the PhD process.

To my family, and my extended family, thank you always for the unconditional love.

And to Denise, my girl. This is for us. You are my motivation. You are my company
in this awesome journey.

xix

